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(7il) We, Gulf Oil Corporation, a 
Corporation org;anized ,under the laws of the 
State of Pennsylvania, United States of 
America, of GuJf Building, 7itjh Avenue and 

5 Grant Street, Pittsburgh, Pennsylviania, United 
Slates of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and ^e metihod by which it 
is to be performed, to be particuiiarly described 

10 in and by the foHfowing statemait: — 

TWs invention relates to .gralft polymers. 
Thp invcnttion also reiiaffes to a method of 
preparing a gKilft polymer. 

The term "living** polymerization is a teim 

15 of art which descra>es the -phenomenon where- 
by under certain conditions certain, monomers 
are capable of forming pdiytmer cbains of 
theoretica'Uy infinite lec^, i.e.^ liiey do not 
terminate spontaneously by wxxaomsr teimin- 

20 ation but wiU continue to gitow as long as 
there is any monomer present in the polymer- 
izalion nnsiture to foixn a poUymer dhain. This 
polymer chain is essenftaaUy staWe even though 
it contains an active: site at the growing end, 

25 but, if more monomer is added, will resume 
its growth until llie newly adtled monomer is 
consumed. 

According to tiie present invention there 
is provided a graft polymer otf a living anionic 

30 poiymer grafted onto a badsbone of a co- 
polymer of an olefin or diolefin. having from 
2 to 6 carbon atoms and an ester of an ^tiB- 
unsaturated. caiboxyKc acid. 

Pretfei^bly the lifving aniiomc polymer is 

35 polystyiyl or polybutadienyL 

The living polymerization is imtiated by 
contacting xhe monomer, smtably in a liquid 
medium, with an anionic polymerization in- 
itiator, pretferably in an amount of from- O.OOQl 

40 to 1.0 moles per mole of monomer, such as a 
xnecalorganic com^nyund, wMdb. yields a 
caibanion, viz., . . 



101) A-^iRA-M+ 



and dhain-gro'Wilih occurs by the medhanism 45 

(2) RA-M+r^JRiAiA-M+ 

(B) (RAA-M++lA-»IRAAA-M+ . 

until the supply of monomer is exhausted. In 
the above equations A represents the monomer^ 
R and M respectively represent the organic 50 
and metal moieti^ of. tlie poiymeriziatnon 
initrator, R~ being the carbanion and M"** 
being the counterion. It will be noticed .tiiat 
as the chain grows the actiive amonic site, is 
continually transferred .to the end off. cjmin 55 
so that the living p'<dymer itself becomes the 
carbanion wbicjh initiates fbrther chain groiwth. 
. The pamcidiar amomc pottymmzstitHi in- 
itiator which is employed mil depend to some 
eactent upon the particular "A" uKmomer being . 60 
polymerized, bat wSll generally correspond to 
•chose catalysts which are art-recognised as 
capable of initiatinig. the living polymerization 

the monomer. As specific ex?ampdes of com7 
mon aniomc ijolymerization. initiators .which 65 
can be succ^s^Uy employed in the practige 
of this invention nmy be mentioned alkali 
metals and .compounds of aiUca'li metals, 
aluminiinn and zinc, Ex^nples of these initia- 
tors are lower alkyl Uthiums such as butyl 70 
liduum, 9rfluorenyl lithium, amyl sodium, 
pcytassium napbthalenide, sodium nicfoai, phenyl 
lithium, alkali metal hydrides, e.g.^ sodiinn 
hydride, aluminiun ailkyls and zinc allcyls, e.g., 
aluminum trieitiiyl, aluminum, triisopropyil, zinc 75 
dimethyl, zinc, diethyl and zinc- dibutyl. By 
the term "lower akyi", as used herein and in 
the claims^ . is meant an alkyl group of not 
more dian 6 . carbon atoms. 

In general any of tie reactive ethylenicaiHy 80 
unsaturated polymerizable monomers wiludh 
can be polymeiized' bv the use. 'of aji. anionic 
initiator to form a sftable caibamomc polymer 
wtdibut a chain texminacoton step can .be em- 
ployed, to foim tiie "A" polymer in the prracdce 85 
of this invetftion. For example, sisdh diverse 
jnonomers of lihis type as ^tyrenej hvLSLt^^cnty 
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atpha-methyl styrene, meljhyi methacrylate, 
n-butyl methacrylate, isaprene, acrylanitrile, 
methacryloDkrile and N^^cM-wi-birtylacryl- 
amide can be used. 
5 The caibanionic "A" polymers are posparcd 
in the piaclice of diis invention by the methods 
generally known and employed in the art witii 
ihe furrfier quaMcadon that the poiymeriza- 
tion of the "A" monooaer should be conducted 

10 under oodditicms winch minfmiggft drain trans- 
fer and chain termination so as to produce 
the largest number of Irving polyancr diains. 
Preferably the polymerization is carried out 
in a liquid mediunx, ^^hidi medium is capable 

15 of dissolfving both tie moiKmer and the poly- 
mer under very mild conditions of tempera- 
ture, e.g., -70° C. to +aO^ C, and at 
atmospheric pre?s?sure. Extreme care s-hoodd be 
exercised to mountain the pwlymerissatron sys- 

20 tern essentially fr^ df impumies xdridi would 
cause chain transfer or chain termination. To 
this end it is desirable to employ high purky 
monomers, reaction medium fiqpndSj catalysts, 
etc. Water, oxjTgen and commonly em(pIoyed 

25 iMii'bitors are especially troublesome impurities 
■which should prdferably be carefully excluded. 
In general any active hydrogen compounds 
rfiouild be exrdluded. 

Examples of the copolymer used are 

30 cdjylcne-mctliyl acrylate, ©chylene-metihyl 
mecbacrylate, butadiene-methyl acrylate, 
butadieDe-metihyl metihacrylat^ fcoprene- 
mietiiyl melihaciyilate and isoprcne-methyl 
acrylate. The olefins used are lihe Cz to C« 

35 olefins or diolefins, and preferably Ca to 
olefins. The esters of ct-fi unsaturated car- 
boxyHc adds which may be used are i)refer- 
ably tlie acrylates and metfuax^ylates, but the . 
fumarates, itaoonates and maleates may also 

40 be used. 

It is known in the prior art to graft the 
Kving polystyryl anion to tJie ligid copolymer 
of styrene and methyl meltociylate. Other 
graft copolymers faa^e been studied for a mm- 

45 ber o(f years and some of the products are of 
commerdai importance. Perhaps one of the 
most noteworthy of these is the ABS family 
of ressins which are complex products contain- 
ing gralft polymers of aciylomtrile, butadiene 

50 and styrene. The usual method of .preparing 
graft polymers involves polymeriTation of a 
mfonomer in the presence of a preformed 
{backbone) pdvaner usirre; a free radical iniri- 
ator. This method invariably leads to a max- 

55 tine of graft copolymer and homopolymer 
siiKre a complex series of reactrcms is occurring 
simultaneously. 

Oonsiderabde time and effort have been spent 
in the oast to obtain a high-imt^ct stren^rth 

60 plastic bv grafting stvrene onto etbvtene-acrv3ic 
oooolvmers usin^ the free radical initiators. 
These efforts met with Kttile success since die 
efficiencv ^ srafdng was extremely low. In 
fact, eiaftinie elBSdencies greater than 20 per 

65 cent were nikSom schicved. The prior art 



faced a problem of preparing a graft polymer, 
with hig|i grafting effidency, of a rigid, brittle, 
hard, hi^ tensile strength, low dongadon 
polymer, such as .polystyrene or styrene co- 
polymers, and a flexiblej non-brittle, low ten- 70 
sile strei^th, high dongation polyiroer such as 
polyoleifins or defin copolymers. Such a pro- 
duct would be compedtive with the AiBS 
resins as a molding resin xyr faagh-impact 
strength plasdc Sudi a product could also 75 
be made at a lower cost than the ABS-lype 
resins. 

The gralft polymer may be prqjared by 
simply maxing the Irring anionic polymer with 
the copolymer in a solvent under extremely 80 
dean condidons. The impurities discussed 
above for the preparation off the h'ving anionic 
polymer cannot be present when the graft 
polymer is prepared. The solvents which can 
be used are any sdvents whoch wiU dissolve 85 
both reactants, such as the hig>tKr aliphatics, 
and the aromatics, preferably the aromHrios, 
such as toluene and xylene. Oblorinated sol- 
vents are not curable, since they react with 
dissolved reactants. As pressure is not critical, ^ 
the reaction is usually run at atmospheric pre- 
sure, but win also lake place at higher pres- 
sures or tmder vacinrnx The gralft polymer 
can be prepared in a batdi or in a aontinuous 
process. The temperature of the gnafdng re- 95 
acdon is limited only by the solubility of the 
leaotancs and the boiling poirw: of the solvent. 
The reaction will occur at any temperature 
above the temperature at which one of the 
reactants predpitates out of solution, up to 1^ 
the temperature at which the solvent boils. 
The preferred temperature range is from the 
temperature just above the temperature at 
which predpitation of one of the reactants 
occurs to bdow 60° C. For exanaple, a 5% 
soludon of ethylene-meihyl methacrylate co- 
polymer (24 wdght per cent methyl methacryl- 
ate) in a solvent mixture of 90% toluene 10% 
tettahydrofuran will precipitate copolymer at 
about -ilO° a A 5% solution of ediylene- 110 
methyl actykte copolymer (tt9 weigBt per cent 
methyl acrylate) in a solvent maxture of 90% 
toluene, 10% tetrahytirofuran will precipitete 
copolymer at about 1j2^ C. 

A method has now been found^ to p xeyare 115 
a graft polymer campound! from a rigid, britde, 
•hard, high tensile strengiih, low ekmgation 
polymer and a flexible, non-brittflej low tensile 
strengdi, high dongation polymer with nearly 
100 per cent grafdnp effideiKy. The method 120 
comprises mixing liviiig polymer anions pre- 
pared by the well-known methods with an 
olefin-acrylate copolymer imder anhydrous and 
-oxygen-free conditions. This method can also 
be used to produce graft polymers of two 125 
flexfble materiaib. The living polymer anion 
reacts quantitative'ly with the ester groups on 
the copolymer. One advantage of thas inven- 
tion is that it is specific and quanthative. An- 
xrther a<Jvantage is dwt die lec^nh and waSser 130 
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of living polymer anion chains grafted to the 
copoiymer backibone oan be z%orousIy con* 
tioUed. Thus, a wid& variety oif gxeofit co- 
palymeris can be pn^jpared^ v^le xuaintaixiing 

5 cooipiete ooiMoi of the oomposition on a 
imyleouHar scaile. 

These graifit polymers of a flexible polymer 
and a rigid polymer have impnorod abrasion 
resistance^ elongation, flexjfcdlity and in^ct 

10 resistamre when ooonpared to tfhe rigid, briude, 
hard, high tensile strength, low elongation 
polymers, and have improjved stiffn^s, hard- 
ness, tensile streagph, bulk properties, and heat 
distortiion pnoiperties wihen compared to tlie 

15 flexabde, non-brittle, low tensile strengch, high 
elongation polymeiu. 

The graft polymers of a flexfl>le polymer 
and a rigid polymer off this invention are 
"thermoplastic and useifuL as molddng resins 

20 and Mgh-impacFt strength pksdcs. Their uses 
are similar to tihe commonly known AiBS 
resins. 

The graft palymecs off two fle>£3bde materials 
can be used to prepare polymseric foams un- 
25 known in t4ie prior art. The foams produced 
are useful anyvvhere padding or insuihatioa is 
needed. 

The reaocants and products from the ex- ' 
periments involvdi^ the grafting of living 

30 polystyryl anion to eitihylene-meiihyl methacryl- 
ate copol3maers are shown in Table I. 

Toluene and tctraibydrofiiran were distHled 
over «NaH under aitgon directly into the poly- 
merization vessel. Styrene monomer wais 

35 passed tiirough calcined^ alimnna and collected 
in a vessei under argon. n-Buityl lilMum as a 
22% solution in hexane (lAldridh Gfaemica!ls) 
and ethylcncMmetlhyl mediacryiate copolymer, 
containing 24% methyl meliiacrylate were 

40 used as supplied. 

The polymerization vessd, a Z-^litre, 4-nec± 
flask, was dried, liien flamed under argon to 
remove oooluded oxygen. Both toluene and 
-tetrahydrofuran were diislalled into the vessel 

45 followed by the styrene monomer, added via 
syrhiige. The vessel vras cool'dd to -40° C. 
and n-buiyl liiinum was added drojpwise to 
kiil initial impurities (0.75 nam and 0.45 mm 
required for Example 1 and Exan^e 2, rcs- 

50 pectryely) until a cteaanacterlstk; yellow colior 
remainol at which time the nrale per cent as 
orhown in TaMc H requrred «tt> g^ve a molecular 
■we^ of 10,400 <DP off 100) was added all 
at onoe, §^sims^ the characteristic dark orange 

55 ooior of lie polystyryi anion. The polymeriza- 
tion was allowed to proceed for 3 to 4 hours. 

In Example I the actual graft was carried 
oat by the acMition of the ethylenenmethyl 
metihfiBcrylate oopoilymer solution (5% in 

60 toluene) via addition ftmneS: to the podystyryl 
•Ikimim in toluene/tetraiiydirofuran, whereas in 
Example 2 the grafting operation was carried 
out by transiferring the Kving polystyrene by 



aigon pressure through a dip tube to another 
flask containing the ethylene-methyi meth- 65 
acrylate copolymer solution in the same dosed 
system. In both experiments, butyl lithium 
was added to the etiiylene-meihyl mechacrylate 
copolymer solution, Z.Ctoc/lGg. (Exmiiple 1) 
and l,Ooc/25g. (Example 2), prior to the 70 
actual grafting operation in order to remove 
any reactive impurities present. In Example 
1 this resulted in the precipitation off about 
5.2 g. of ethydene^metihyl mechacrylate co- 
polymer and as a result only 1150 ml of the 75 
solution conicaining about 4.1\ g. of ethylene- 
methyi methacryiate oypolymer were added. 
Upon addition of the n-butyl lithium to both 
solutions a slight increase in viscosity coupled 
with a slight temperaitore increase from 24° 90 
C. to 30° C. was noted. 

In Example 1 the ethylene-methyll meth- 
acryiate copolymer solution was added to the 
Hving polystyrene solution at —5° C. and 
was aMowed to waxm to room temperature. At *85 
"the end of one horn: die characteristic color of 
tiie polystyryl anion -had viani^ed indicating 
complete reaction. In Example 2 the grafting 
was performed at room temperature with the 
dhai^acteriistic orange color lost as soon as the 90 
Kving polystyrene was added to the ethylene- 
meiliyl methacryl'ate copolymer solution. 

Both reactions were quendhed; and their pro- 
ducts isolated in mettjhanol and dried in vaoio 
at 55° C. for 24 hours. 95 

•The products from Examples 1» and 2 
were extracted with acetone Oa solvent for 
polystyrene) and the insolubles were dissolved 
in dioxane at 80° C. It had been previously 
established that efthylene-meithyil methacryiate 100 
copolymer is insoluble in dioxane under tiiese 
conditions. The results arc Shown in Table n. 
These data indicate that styrene grafting 
eflEciency was very higjh and that no ungrafted 
etihylene-methyl metl^crylate copolymer re- ^05 
mained. Molecular weight measuremenrtis on 
the styrene homopal5^crs extracted indicate 
that these chains were terminalted during die 
trax}sfer step 1^ acidic impurities remaining 
in the ethylene-meitJiyl meiiiaciykte copolymer 110 
sokrrion. 

The intrinsic viscosity oif the graft polymer 
from Example 2 is shown in Tahde IH, alcmg 
wrtli the varlues for the polystyrene honK>- 
pc^yxner (medianol terminated), etihyilene- 115 
metiryl meittecryla/te copolymer and a physical 
blend off eftihylene-methyl metthacryflate co- 
polymer and homopoi3TOer. 

Examples 3 and 4 were carried out exactily 
as Example 2. For Example 3, tiie badd^one 120 
ptolymer was a low molecular weigjirt eitliylene- 
methyl medhacrylate copolymer containing 
40% methyl metiiacrylate. lie graft polymer 
•from Example 4 contained only 312% styrene 
and was flexfSble and to^gji. 125 
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Table I 

Preparation of Styrcnc/Ethyleac- 
Mcthyl Methacrylate Copolymer Graft Copolymers 



Polymerization Conditions 



Monomer 

Amount (g.) 

Amount (moles) 
Catalyst 

Amoimt (ml) 

Amomit (moles) 
Solvent 

Amount (ml) 
Temperature (°C) 
Time (hrs.) 

Grafting Conditions 

Copolymer (E/MMA, wt %) 

Amount (g.) 
Solvent 

Amount (ml.) 
Temperature (^'C) 
Time (hrs)(<i) 



Example 1 



Styrene 
81.0 

0.78 
BuLi(») 

3.29 

0.0078 
Toluene/THF 
950/50 
— 40 to 0 
3 



76/24 
12.0(b) 
Toluene 
250 

—5 to 24 
1-0 



Example 2 



Example 3 



Example 4 



Styrene 
80.0 

0.77 
BuLi 

3.13 

0.0077 

Toluene/THF 
760/40 
—40 to 0 
4 



76/24 

25.0 

Toluene 

500 

24 

Immediate 



Styrene 
73.5 

0.71 
BuLi 

2.9 

0.0071 

Toluene/THF 
700/30 
—40 to 0 
2 



60/40 

30.0 

Toluene 

600 

15—24 

Lnmediate 



Styrene 
40.0 

0.385 
BuLi 

1.6 

0.00385 
Toluene/THF 
400/20 
—40 to 0 
2.25 



76/24 

60.0 

Toluene 

1200 

20—24 

Inunediate 



Table I (Continued) 

Preparation of Styrene/Ethylene- 
Methyl Methacrylate Cppolymer Graft Polymers 



Product 



Example 1 



Example 2 



Example 3 



Yidd feO 

Graft Copolymer 
(After Extraction) 



Yield 

PS/Copolymer (wt %) 
Softening Point (°C.) 
(Esher-Johns) 



84.8 



94.7 
95/5 
94 



103(c) 



89.8 

73.5/26.5 
98 



85.65(e) 



105 



Example 4 



97.2 



84.3 

32/68 

144 



(a) Supplied as a 22% solution in hexane (Aldrich Chemicals). 

g |i|:?f?SyS5^t^lcftinrcac««quead.edmm^ 
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Table 11 

Resolution of Products into 
Homopolymers and Graft Copolymer 



EstractionC^) 


Extraction Condiiions(b) 


Example 1 
Wt. % 


Example 2 
Wt. % 


Original Sample 




100 


100 


Styrene Homopolymer 


Acetone soL^ 40**Q 


6.3 


10.2 


Etliylene-Metliyl Metibacrylate Copolymer 


Dioxane insol.^ 80 ^C. 


0 


0 


Residue (Graft Copolymer) 




94.7 


89.8 



(a) Extracdon products characterized by in&ared analysis. 

(b) The products vfert run in each solvent until the subsequent extracdon revealed no further polymer. 

Table III 

Solution Properties of Styrene Graft 
Polymer, from Example 2 in BenzeneX=^) 30**C . 

Sample M Mn(*) 

Polystyrene(c) .0.11 12,040(e) 

PS/Ethylene-Methyl Methacrylate, Copolymer^ 72/28, 

Physical-MixtureC*) 0.33 — 

. Product (before extraction) . 0.60 — 

Graft Polymer 0.64 — 

Ethylen&-MethyrMediacrylate Copolymer 0.85 — 

(a) Sample concmtrations at 0.25 g/dL» 0.5 g/dL and 1.0 g/dL 

The equation M = 9.7 XlO-^ M*»*^* tos used. 

2.2 g. polystyrene removed from reactor prior to grafting. 

Polystyrene from reactor used in mix. 
(e) The calculated value is 10,400. 
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EXAMFJuE 5. 

The experiment involviiig grafting of living 
palystyryl anion to butadiene-methyl meth- 
aaylate copolymers is described as follows: 

5 The reactions were carried out in two 3- 
neck flasks joined together with ground jointe 
in such a way that the contente of one could 
be transrf erred to the other one by rotation of 
the joints. Tlie flasks were fitted with other 

10 accessories to permk the inflow and outflow 
of an inert gas to allow the addition aiid re- 
moval of materials from the flasks without 
exposure to the atmosphere. 

AH of the reaction apparatus was first 

15 treated to remove materials capable of re- 
acting with styryl lithium. It was washed 
thoroughly with water, waslsed with acetone 
and dried ovemigiit in an oven at 150° C. 
The apparatus ms assembled wMe warm, 

20 and further heated witih hot air from a "heat 
gun*' wihile inert gas, argon, was flowing 

through it. ,^r.^r-,4 
Into one flask was put 2.8 grams (0,00524 
mols of ester sroups)^ butadiene-methyl mech- 
25 acrylate copolymer, containing 18.7 weight 
per cent of methyl methacrylate, 28 ml of 
specialily purified toluene, and 0.3 grams of a 
sodium dispersion in petroknim. This mixture 
-was stirred magnetically until the copolymer 
30 dissolved. In tibe other fla^ was ptit 200 
grams of toluene and 50 grams of styrene 
(0.480 mol). The toluene was freshly dist^ed 
from sodium hydride under an inert gas. The 
styrene was purified by passiig it througji a 
35 column of absorptive alumina. 

To remofve residual impurities 7M5utyl 
lithium solution was titrated into the styrene- 
toluene sohition until the yellow-'orange owor 
of the siyryl anion persisted. Foflowing tniSj 
40 1 mi. of n-butyl hthium solution (0.00242 
mole) was added. This solution was stincd 
for 2.5 hours at 30° during which time 
the viscosi-QT increased considerably. A poraon 
of this saluti<m, 34.8%, was removed and in- 
45 jected into methanol to precipitate the poly- 
styrene produced. ThLs sample was taken to 
determine the kind and amount of polystyrene 
added to the copolymer. . 
The remaining polystyryl lithium solutiOT 
50 was mixed with copolymer solution at 30^ C. 
Ahnost immediately on mixing the orange 
color disappeared and a large increase m 
viscosity was produced. After mixing over- 
night at room temperature, the solution was 
cc stirred into several volumes of methanol to 
precipitate the gr^ polymer. The preapitate 
was rigorously washed several times m 
methanol and fimUy dried in a vacuum oven. 
The amount of dry polymer recovered was 
60 33.0 grams, or 933 per cent of that theoreti- 
cafly possible. 

Intrinsic viscoaty measurements on the 
graft polymer gave a value of 0.428, and on 
the polystyrene portion a value of 0.178. This 



gives a molecular weight for the polystyrene 65 
block of 16,800 grams/moL , 

To show tiiat the polystyryl amons had 
grafted on to tlie copolymer chains raiaier 
than forming polystyrene hamopolymers tiic 
graft pioduct was carefuUy extracted wim 70 
boiling acetone. Infrared analysis of liie dried 
extract and the graft polymer showed that 
between 0% ^ 3% of the polystyrene was 
homopolymer. Tlie analysis showed that 
40:5% of the ester groups in tiic copolymer /o 
had reacted. ^ ^ 

Th& sodium dispersion was aaaea to me 
copolymer sohition to react with residual un- 
purities tiiat mi^ destroy the styryl amons, 
whUe leaving the ester groups free to react ou 
with the polystyryl anions. The analytical data 
indicate that the deared results were effec- 
tively achieved. 

Example 6. . . qc 

The expertment involving grafting of hvii^ w 
palystyryl anion to ethylene-medgrl aciylate 
copolymers is descra>ed as follows: 

Smene monomer (60.0 g., 0.577 mol) was 
dissolved in a mixture of 480 inl of toluene 
and 60 ml of tetrahydrofuran. The solution 
was cooled to 5^ C. and polymerization was 
initiated hy addition of 0.0O&35 moi of n-butyl 
lithium. After 1.5 hr. the temperature was 
32^ C. A portion otf the palystyryl hthiim 
solution (i\50 mi) was then added ^^^^ ^ 
inert aunosphere to a stured soKmon of 10 g. 
of ethylene-menhyl acrylate copolymer (^/o 
by weight merfiyl acrylate/80% ethylene by 
w&At, 2 mek index) dissolved in 250 ml of 
tol^e. -nie orange codor of the polysty^l 
fitirium faded immediately. After pouring the 
polymer solution isato methanol, the sohd pro- 
^Ct was isolated by filtration and washed 
scrveral times with fre^ medianoL Ihe yield 
was qantiiative. CompiessiQn moddax^s were lUD 
flesdble and opaque. 

Example 7. 

The experiment involvh^ grafting of hvmg 
polylbutadienyl anion tmto ediylone-me^^^ 
aacylate(20%iby vws^^mediylacrylate/^^ Aiu 
by weight ediylene, 2000 mek mdex) is des- 
cribed as follows: _ 

Bmadiene 016.6 g. of TmSps Petroleum 
Reseaix^h Grade, purity, ^.88 a»ifj>«^2 115 
was purified by passing tiie gas througji 4A ai3 
molecular sieves and charged to a prefj™ 
bottie containing 300 mi. 
puiging with argon, m-butyiiktmum (0,7 nu. 
of 22% m hexane) was added and die »- 
action mixture heated with sorring to 50° C. 120 
The top was removed in the inert atmosphere 
and 150 ml. of the "Uvrngf' polymer solumm 
was poured into a dry, oxygen free solution 
of 22.5 g. of ethylenMnethyi aoylate 
polymer in 335 nal. of toluene oontmnmg lO /o l» 
tetrahydrofuran. The reaction mixture was 
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stirred for 30 mm, before it was removed 
fram the dry box. T3ie product was precipi- 
tated by pouring into metdianol and isolated 
by filtration. Antioxidant was add^ and the 
5 product wias dried in a vacuum oven at 30^ C. 
The yield was 30j1 g. 

WHAT WE CXAIM IS: — 

1. A graft pol^^otier of a livinig anicxiic 
polymer grafted onto a backbone of a co- 

10 polymer of an olefin oar diolefin ihaving firon 
2 to 6 caxbon atxsnts and an ester of an a-fi 
unsaturated caiiboscyilic add. 

2. A graft podymer according to daim 1 
wherein "die Uvang aniomc ptdyaner is poly- 

15 styryl. 

3. A graft polymer accordsinig to claim 1 
wherein the living anionic poljoner is poly- 
butadienyl. 

4. A graft polymer according to any one 
20 of damis 1 to 3 whereon the said copodymer 

is an echylene^medhyl acryiate copolymer. 

5. A graft polymer according to any one 
of claims 1 to 3 wherein the said copolymer 
is an ethylene-methyl metihacrylate copolymer. 

25 6. A graft polymer according to any one 
of claims 1 to 3 wlieiein the said copolymer 
is a butadienenmeohyl meuhacryiaice copolymer. 

7. A process for preparing die grazPt poiy- 
mer claimed in any one of daims L to 6 com- 

30 prising mixlrag a mononxer of an anitnmc Jiving 
polymer witii a Eving anionic polymerization 
initiator to form a living anionic polymer and 
reacting said polymer wilix a copolymer of an 
olefin or d&oldGn halving from two to six carbon 

35 aitoms and an ester of an a, ^-unsaturated 
caiiboxyiHc add. 



8. A process according to daim 7 wherein 
said mixing takes place in an ^ihydrous sol- 
vent under an inert gas and under dean con- 
ditions. 40 

9, A process aca>rding to daim 7 * or 8 
wherein the initiator is used in an amount of 
from O.OOQl. to l-.O moles per mole of said 
monomer. 

110. A process aocoiding to danm 7, 8 or 9 45 
wherein said reacting takes place at a tem- 
perature above the temperature at which said 
copolymer or said living anionic polymer pre- 
cipitates from the said solvem and bdow 
60° C. 50 

illl. A process aocxwding to any one of 
clams 7 to 10 wiherein said initiator is a lower 
alkyi lithium, 

)12. A process according to any one of 
claims 7 to 111 wiherein said inimaior is nonnn^ 55 
butyl lithium. 

tl'3.. nnie process of gcaidng a living anionic 
polymer onto a baddbone of a copolymer of 
an olefin or dioletfin baving front two to six 
carbon atoms and an ^er of an a^-imsatur- 60 
ated caiboxyMc add according to any one of 
the examples. 

il4. A grafit polymer whenever prepared 
by the process daimed in any one -aS daims 
7 to 13 as herein described. 65 

H. D. FUTZiPATIRa'GK & CO., 
{Qsartered Patent Agents, 
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